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Development of Advanced NDE Ultrasonic Equipment
Abstract
Recent studies to determine the probability of detection of nondestructive examination methods by the Air
Force indicate that these capabilities are severely limited. One of the factors contributing to the insufficiency
of ultrasonic testing is related to a general lack of versatility and capability of commercial ultrasonic
equipment. Inadequate instrument reliability, inconsistent components including transducers, and uncertain
calibration standards further compromise the potential utility of this method. Battelle Pacific Northwest
Laboratories, under the sponsorship of the manufacturing Technology Division of the Air Force Materials
Laboratory, is developing an advanced ultrasonic nondestructive testing system directed at resolving these
defficiencies. As a result, this program will establish a modular ultrasonic system specification that will prevent
near term obsolescence by permitting the addition of new technology such as ARPA developments in the
form of additional or replacement modules. This paper will describe the Phase I and II tasks and objectives
which are planned to establish an equipment specification, demonstrate initial prototype systems, and provide
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DEVELOPt~ENT OF ADVANCED NDE ULTRASONIC EQUIPr1ENT 
A.S. Birks and G.J. Posakony 
Battelle Pacific Northwest Laboratories 
Richland, WA 99352 
ABSTRACT 
Recent studies to determine the probability of detection of nondestructive exami r.ati on methods by the 
Air Force indicate that these capabilities are severely limited. One of the factors contributing to the 
insufficiency of ultrasonic testing is related to a general lack of versatility and capability of commer-
cial ultrasonic equipment. Inadequate instrument reliability, inconsistent components including trans-
ducers, and uncertain calibration standards further compromise the potential utility of this method. 
Batte 11 e Pacific Northwest Laboratories, ur.der the sponsorship of the ~1anufa.cturi ng Technology 
Division of the Air Force Materials Laboratory, is developing an advanced ultrasonic nondestructive test-
ing system directed at resolving these defficiencies. As a result, this program will establish a modular 
ultrasonic system specification that will prevent near term obsolescence by permitting the addition of new 
technology such as ARPA developments in the form of additional or replacement modules. 
This paper will describe the Phase I and II tasks and objectives which are planned to establish an 
equipment specification, demonstrate initial prototype systems, and provide a procurement specification 
and technical manuals. Progress to date ~1ill be summarized. 
INTRODUCTION 
Recent studies 1 by the Air Force to determine 
the probability of detection of service induced 
flaws suggests that the capabilities of the ultra-
sonic examination method is limited to relatively 
large flaws. A current program2 to determine 
acceptable performance ranges of transducers indi-
cates that these components are highly variable and 
are suspected of t.eins; a major contributor to the 
unreliability of the examination method. Jn concert 
with similar on-going programs to provide more reli-
able NDE equipment to the USAF field and depot 
inspection activities and to make this equipment 
available to the manufacturers of enaine/airframe 
components, a ~1anufacturirig Technology Division 
program has been initiated under AFSC Contract 
F33615-78-C-5032 to establish specifications for 
more reliable, advanced ultrasonic NDE equipment. 
The program will utilize current state-of-art 
opportunities as well as advanced concepts to attain 
the required performance improvements. The equip-
ment will be established in a modular configuration 
that will permit future concepts to be added as 
they are developed and thereby prevent near term 
obsolescence. The advanced equipment concept is 
sho~m in Fig. 1. The functional areas to be 
addressed in this program includes the basic 
pulser-receiver elements used in the contemporary 
pulse-echo technique, the transducers, coaxial 
cable, electronc "gating" and recording methods, 
packaging, and system manuals. 
Proqram Objectives - Specific areas of improvement 
have been identified as a result of reviewina 
previously conducted studies, surveys of USAFNDI 
shops and discussions with airframe and enqine 
manufacturers. Typical areas of concern resulting 
from the survey of AFNDI shops are shown in Fig. 2. 
Specific areas of the instrumentation portion of 
the system where improvements will be made are: 
1. Optimize pulser/driver 
2. Establish transducer performance specs 
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3. Imorove receiver 
and bandwidth 
noise figures, !Jain 
4. Improve RF detector sensitivity and 
1 i nea ri ty 
5. Optimize video display 
6. Improve gating and recording 
7. Optimize packaging,for field use 
8. Standardization of controls 
9. Provide simplified calibration 
10. Insure computer interfaceability 
Improved technical training and operating 
maintenance manuals will be developed for the ad-
vanced ultrasonic equipment. These manuals will 
emphasize operation and performance clarity. 
The ultrasonic system ~1i 11 then be documented 
as a final production procurement specification. 
Current Activity - Several project teams have been 
making measurements and collecting data needed to 
establish performance specifications exemplifying 
these improvements. Specific areas of study in-
clude: 
Evaluation of Current Equipment- One 
task group is evaluating current commercial 
UT equipment representative of that now in 
use by the Air Force and their suppliers. 
Seven instruments manufactured by four 
commercial UT equipment manufacturers have 
been selected for these tests. Each 
instrument will be evaluated at points in 
the system as shown in Fig. 3. A procedure 
has been developed to make these measure-
ments in a specific and repeatable manner 
to provide accurate engineering data. 
The resulting data will be used to estab-
lish a baseline of current equipment per-
formance. In addition, the information 
will provide a. basis for the development 
of new specifications for the advanced 
ultrasonic equipment. The procedures used 
will be further utilized to evaluate the 
performance of newly manufactured equipment 
1- .. - --·-- - . 
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TEST OF INSTRUMENT AT 5.0 mhz 
SURVEY OF AF BASES 
MAINTHlANCE FACTORS 
TRAVIS McCLELLAN 
Figure 1. Concept of Advanced 
Ultrasonic System Control Panel 
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Figure 2. Current Problems and Recom-
mendations for Advanced NDE Ultrasonic 
Equipment 
and to assess the degree of perform-
ance deterioration of the production 
prototype equipment resulting from a 
full scale field evaluation. 
Evaluation of Transducers - Transducer 
performance has been concurrently re-
viewed to determine the variabilities 
in relative insertion loss, electrical 
impedance, center frequency, bandwidth 
and damping. 
Several prototypes have been manufactured 
utilizing current state-of-art develop-
ments. Transducers which have been 
effectively applied to turbine engine 
components manufactured in support of 
the near-net-shape program have pro-
vided excellent performance and appear 
to be prime candidates for the ad-
vanced systems. Others have been 
fabricated to arbitrary specifications 
to determine the parameters which must 
be specified to provide improved 
performance. 
An intensive study has been conducted 
into the parameters of pulser/trans-
ducer impedance optimization in an 
effort to maximize acoustic output and 
minimize distortion. Several designs 
are now under study as possible 
candidates for the advanced equipment. 
Calibrator Development - A method to 
perm1t the operator to conveniently 
and accurately evaluate the ultrasonic 
system's performance has been studied. 
The present concept will be developed 
at Battelle and incorporated as part 
of the system specification. 
The calibrator envisioned would permit 
the transducer to be used for a specific 
application to be placed on the surface 
of a specifically designed test block. 
Sound transmitted into the block is 
detected by fixed wide band transducers 
located at the center of the incident 
sound beam. By selecting appropriate 
delays and gains, the incident pulse 
would be amplified, transmitted, and 
redirected back toward the transducer. 
The returned pulse will then be viewed 
on the instrument's oscilloscope to 
determine if the system is operating 
~1ithin acceptable 1 imits. The exact 
results of this test could be logged 
on test reports to indicate that the 
system had been checked and had 
maintained the correct level of operation 
through the test. 
Breadboard Design - A breadboard demon-
stration system is concurrently being 
designed with the above activities. The 
b"readboard will be built incorporating 
specific advancements to provide an 
interim model emulating the design 
concepts and performance established 
for the initial production prototype 
equipment. The breadpoard system will 
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be used to demonstrate improvements of 
the advanced equipment to users and 
manufacturers that may be potential 
bidders for manufacture of six initial 
production prototype systems. 
One of the features of the breadboard model 
shown in Fig. 4, is the use of a programmed 
standardization system. A microprocessor 
will adjust various system parameters to 
the requirements of a specific Technical 
Order (T.O.). These procedures describe 
the calibration adjustments required for 
testing a specific aircraft structural 
component. Specifically, the pulse trans-
mission rate, receiver gain, sweep speed, 
gate interval and position, alarm and 
record levels will be controlled. To 
compensate for slight variations in trans-
ducers or electronic performance, a small 
amount of manual override over the nominal 
microprocessor selected adjustments will 
be provided. Similar instructions could 
be programmed for a variety of examinations 
providing subcomponents of the system are 
controlled by appropriate specifications. 
New State-Of-Art Opportunities - One of the 
principal objectives of the advanced equipment 
program is to insure that the system will not be 
subject to near-term obsolescence. To attain this 
goal, the specifications must consider present 
and future applications in parameters describing 
the basic pulser/transducer/receiver, computer 
architecture and physical structure. 
In response to this need, both current and new 
state-of-art concepts and opportunities are being 
evaluated, Those which have a good potential of up-
grading ultrasonic equipment performance will be 
developed into breadboard models, as shown in Fig. 
5, to determine the specific interface required for 
adaption. Areas such as digital signal processing, 
pattern recognition and signal improvement/noise 
suppression are typical candidates for future up-
grading and are currently under study. 
Progress to Date 
Evaluation of Current Equipment - Data 
collected to date on the performance of 
current equipment indicates that: 
1. A variety of pulse shapes are 
used by commercial equipment 
designers to excite the trans-
ducer to create the acoustic 
pulse burst. The most common 
pulse is a negative going pulse 
having a fast rise time and a 
gradual decay. In almost all 
cases, the pul5er has been de-
signed to work into a 50 n 
resistive load and little con-
cern has been given to: 
a. Matching the output impedance, 
consisting of the cable and 
transducer assembly, thereby 
eliminating or reducing 
standing waves and resulting 
distortions caused by re-
flections from the trans-
ACOUSTIC 
Figure J. Ultrasonic Test Facility -
Evaluating Advanced State-of-Art 
Concepts 
Figure 4. Advanced Ultrasonic Equip-
ment - Breadboard Concept 
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Figure 6. Transducer Complex Impedance 
as a Function of Frequency 
ducer to cable mismatch. 
b. Properly terminating the input 
to effectively isolate the pulser 
impedance from the cable after 
the pulse has ceased 
2. A test frequency shift has been 
measured on most equipment tested 
from point B to point D, Fig. 3. 
The frequency change measured on 
a typical instrument is shown in 
Table 1, where a variation of 3.0 MHz 
was observed as a result of merely 
manipulating the damping control 
from minimum to maximum setting. 
The most significant impact of this 
situation is that the actual center 
frequency and spectral content of the 
interrogating acoustic beam at point 
B varied from 3.0 MHz to 6.25 MHz, 
while the 6 dB bandwidth of the pulse 
changed from 1.0 to 6.0 MHz (min. 
damping) to 4.5 to 7.0 MHz (max. 
damping) as the signal passed through 
various stages of the instrument. 
If flaw characterization by pattern 
recognition or adaptive learning 
techniques are to be applied in the 
future, this uncontrolled variabil-
ity must be controlled. 
~- Commercial transducers evaluated to 
date appear to be of two basic types, 
highly damped with limited bandwidth 
or medium damped with tuned narrow 
band performance. Large impedance 
variations have been measured ranging 
from a few ohms to over 1000 ohms. 
The phase angle of the impedance can 
range from highly capacitive to in-
ductive depending on the transducer 
design. Typical impedance plots in 
the form of a Smith chart are shown 
in Fig. 6. Actual frequency of 
operation is an approximation 
that nominally indicated, while 
bandwidths vary widely. 
Transducers for future equipment 
will have to perform in a more 
predictable manner. However, the 
method and procedure of measuring 
the performance of transducers must 
be simultaneously developed to pro-
vide a common ground for evaluation 
of specified performance. An 
arbitrary procedure is being es-
tablished as part of this study. 
SUMMARY 
The need to resolve the unpredictable per-
formance of ultrasonic nondestructive testing 
equipment has been treated by the user as a specific 
and monotonic value in determining examination re-
peatability, sensitivity and detectability. 
Reliable flaw characterization using current 
commercial equipment appears to be unattainable 
unless tighter equipment specifications are in-
voked. 
The specific contributors to unacceptable 
performance are not obvious and perhaps this is the 
reason they have been retained in current equipment 
designs. The results of evaluating current commer-
cial equipment indicates that the following areas 
are the most serious: 
1. The availability of transducers 
that have unspecified wide vari-
ations in impedance values and 
phase angles. 
2. The presence of uncalibrated and 
non-uniform controls which when 
reset create unpredictable testing 
parameters. 
3. The creation of harmonies and phase 
distortions by improperly terminating 
cables and transducer loads. 
4. The use of random lengths and types 
of coaxial cables. 
5. Saturation in the receiver amplifier 
creating response variations that are 
difficult to relate to the causative 
source. 
6. Noise inherent to the equipment de-
sign or other sources within the 
system that requires the use of "re-
ject" or other noise reduction schemes. 
The current program will provide significant-
ly advanced NDE ultrasonic eq~ipment, correctly 
designed for the user and manufactured to perform 
in an accurate and predictable manner. The imple-
mentation of this equipment by the Air Force and 
its suppliers will result in improved probability 
of detection of defects by the ultrasonic nonde-
structive examination method. 
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SUMMARY DISCUSSION 
(A. s. Birks) 
Don Thompson (Science Center): Could you describe your calibrator again? 
Al Birks: The calibrator we have developed at this point is a delay line, a block of 
solid piece of material, on which the transducer selected for a particular appli-
cation would be placed. The sound beam would propagate through the block where 
the signal would be detected by a wide bandwidth transducer located on the 
opposite side. The signal would go through an amplifier and a delay line, whose 
amplification and delay time would be set in accordance with the required trans-
ducer. This is required to compensate for the beam geometry which is dependent 
on the frequency and size of the transducer. This signal is then repropagated 
back toward the transducer. The returning signal will then be amplified by the 
instrument's receiver--now you're back into the main instrument--and displayed on 
the oscilloscope screen. The program could be set up to call for a certain 
amplitude of signal. The presence of this appropriate signal, as required by the 
program, would be evaluated by a decision algorithm in the program and advise the 
technician to proceed with his test. It's kind of a check-out. It's not a true 
calibration. 
Chris Fortunko (Science Center): Could you tell us what the improvements will be to 
the transmitter and circuitry in this instrument over the current instrumentation? 
Al Birks: The improvements are multifold. First of all, we are looking at this 
present time at a spike pulse, which appears to be a very good selection. We 
have also looked at other forms of excitation, mainly a square wave, which 
appears to have very good possibilities. It looks like there may be approxi-
mately five db more gain available here over the spike pulse, but it may require 
quite a bit of temporal adjustment to attain this gain. 
Chris Fortunko: The problem with the spike pulse is that it has a lot of energy to 
get the high frequency. The way you generate it now is by means of an avalanche 
device, such as a transistor or SCR, where biasing is very sensitive to thermal 
variations and load characteristics. 
Al Birks: You mean like the impedance? That's another problem. The impedance of the 
cable and terminating load of the transducer is quite a factor in the system. 
A mismatch introduces quite a bit of standing wave distortion. We're looking at 
the impedance-matching problems both at the output of the pulse, the receiver 
input isolation, and transducer load to reduce distortion in the reflected wave 
coming back from the transducer. 
Bob Addision (Science Center): Just a point of clarification. When you were measuring 
the peak of the frequency response for those variety of pulses, what measurement 
was that? I wasn't quite clear what you were measuring. 
Al Birks1 You mean the amplitude? 
Bob Addison1 You were measuring the peak amp. What frequency did it peak out? 
The center frequency? The first pulser characteristics? Then you have two 
dampening contro'l settings, one is two and one is 5. 8. What were you looking 
at there? I just wasn't sure. What are you measuring? 
Al Birks: We are measuring the center frequency. 
Bob Addition: The center frequency of what? 
Al Birks: The electrical pulse which is applied to the crystal or the load. This is 
the spectrum of the pulse that is applied to the transducer and the maximum 
response of that spectrum has been labeled "Peak Frequency". 
Bob Addison: Fine. 
Al Birks1 At this time we do not know what good this information is going to be to 
us, but, obviously, if you don't have the frequency contained in the electrical 
pulse that is activating the transducer, it's rather difficult to expect to get 
the acoustic energy at that frequency out later. That's what I mean, this 
specific interrelationship has not yet been developed--it has been quite 
interesting observing these variations which form a base line and a basis for 
preliminary specifications. We will have to convert these specifications into 
(continued) 
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A. Birks (continued discussion) 
a production procurement document for the Air Force and procure improved equipment. 
Therefore, we have got to get a thorough understanding of how current equipment 
performs. 
Unidentified Speaker: Did this instrument have a spike pulse on the transmitter, or 
was it a switch sort of a thing that went down sharply and then came back? 
Al Birks: It was spiked. 
Unidentified Speaker: Avalanche-type pulse? 
Al Birks: I believe it was, yes. 
Roy Buckrop (U.S. Army Armament Matl. Readiness Command): Al, you said you might talk 
about a logarithmic readout as compared to a linear. Is this a move and an attempt 
to be able to discriminate more finitely between the background and the usable 
signal? I'm referring back to our nonmetallic inclusion application where we 
used computer banks in order to provide signal discrimination out of the "grass" 
or background noise signals. Will a logarithm help you do this? 
Al Birks: It really won't help you. It will amplify the low level signals and actually 
make your noise a more prominent feature of the display. A problem in the Air 
Force operation is that they use a lot of "rejects" to remove these unwanted 
signals. I've seen some operators use an undesirable amount of "rejects" where 
the dial would be turned to the 75 percent "ON" position. You know, with all the 
concern about vertical linearity and other instrument performance, we created a 
monster here where gain and distortion are running rampant without much concern 
of the compromises to reproducibility or detectability. 
Roy Buckrop: So you're still going to make the discriminating factor operator oriented, 
not trying to put anything in the instrument's gain to remove the operator's 
characteristics and provide a more finite discrimination of signal information 
as compared to the background noise? Is the gating going to be· adjusted any 
closer to that signal-to-noise relationship? 
Al Birks: Roy, we hope that by making the signal a less-distorted signal and balancing 
all of the electronics throughout the system, we will get a much cleaner signal. 
Hopefully then the noise will be minimized and the "noise" that remains is truly 
representative of acoustic information rather than electronic distortion. 
# # 
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